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[57] _ ABSTRACT 

The temperature characteristics of a motor which has a 
' ferrite permanent magnet has been improved. The pres 

' ent motor comprises a stator assembly having at least a 
yoke for providing a magnetic path and a coil wound on 
said yoke, and a rotor assembly rotatably inserted in 
said stator assembly, having at least an elongated spin 

1 die rotatably‘supported by said yoke, and a cylindrical 
permanent magnet made of a ferrite material pierced by 
said spindle and being symmetrical wth respect to‘ said 
spindle, said spindle being made of adjusting alloy or 
adjusting steel having the magnetic characteristics that 
the magnetic reluctance of the same increases as the 
temperature of the samev increases, and said yoke is 
made of steel having the magnetic characteristics that 
the magnetic reluctance is constant irrespective of the 

Y change of .the temperature. Although the temperature 
. change causes the change of the flux from the ferrite 
permanent magnet, that change is compensated by the 
adjusting material of the spindle, and the effective ?ux 
which links with the coil of the stator assembly can be ' 
constant irrespective of the change of the temperature. 

a 2 Claims, 12 Drawing Figures 
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' The present invention relates‘to the improvement of a I 
motor and, in‘ particulan'a-pul‘se motor or a stepping 
motor which provides the'constant'torque in spite of the 
change of the temperature. A ‘prior pulse motor or a 
stepping motor is disclosed, for instance, in the U.S. Pat. 

- No. 4,127,802, and/or the US. patent application Ser. 
No. 969,376, and in a prior pulse motor a magnetically 
toothed rotor and a stator having a coil are provided. A 
rotor has a permanent magnet. Upon application of a 
pulse signal to a coil on a stator, a rotor rotates by a 
predetermined angle. ‘ ‘ 

In a prior pulse motor, a permanent magnet on a rotor 
and/or a rotor itself is made of a ferrite material, which 
‘is’ inexpensive. However, a ferrite material has the ‘dis- - 
advantage that the magnetic reluctance of ferrite mate 
rial is increased when the temperature is high. Accord 
ingly, when the temperature of a motor is high, the flux 
by ‘ a ‘permanent magnet is reduced, and in turn, the 
torque of a motor is reduced. Since the temperature of 
a motor increases during long continuous use, the ‘short 
age of the torque ofa motor isinevitable. 

In order tosolve the above problem, a larger motor ' 
which provides a higher torque must be utilized so that 
the high torque is obtained even at the high temperature 
condition. Therefore, the size of a motor must be large 
'and the weight of a motor must be heavy as compared 
with a motor which operates only in a low temperature . 

> SUMMARY OF THE INVENTION 

It is ‘an object'of the present invention, therefore, to '} 
overcome the disadvantages and limitations-of a prior 
motor by providing a new and improved motor.‘ 

It is also an object of the present invention to provide 
. a pulse motor which has a high torque even in a high 
temperature condition. , ' 

The‘above and other objects are attained by a motor . 
comprising a stator assembly having at least a yoke for 
providing‘a magnetic path and a coil wound on said 
yoke, and a rotor assembly rotatably inserted ‘in said 
stator assembly, having 'at least an-elongated spindle 
rotatably supported by vsaid yoke, and a cylindrical 

45 

permanent magnet made of ferrite material pierced by I 
said spindle and being symmetrical with respect to said 
spindle, said spindle being made of adjusting material 
having the magnetic characteristics that the magnetic 
reluctance of the same increases as the temperature of 
the same increases, and said yoke is made of steel having ' 
the magnetic characteristics that the magnetic reluc 

: tance of the same is constant irrespective of thechange 
of. the temperature. v v 

In a preferred modi?cation of the present invention, 

2 . 

of'the following‘ description and accompanying draw 
' ings wherein: » I 

’ FIG. 1 is a cross sectional view of a‘ motor according 
to the present invention; ' 7 
FIG. 2'is a cross sectional view at the line A-A’ of 

FIG. 1;‘ ' , ' > 

FIG. 3 is the same view as FIG. 2, but at?the high 
temperature condition; " ‘ 

FIG. 4 is the cross sectional view of another motor 
according to the present invention; 
FIG. 5 is the cross sectional view at the line B-B' of 

FIG. 1; 
FIG. 6 is the disassembled view of the pulse motor of 

FIG.‘ 1; r ' 

FIGS. 7A through 7D are the explanatory drawings 
for the explanationof the operation of the pulse motor 
of FIG. 1; ~ ‘ 

' FIG. 8 is the diagram showing the waveform of the 
current applied to the present pulse motor; and 
FIG. 9 shows the magnetic poles ‘of the permanent 

magnet of the rotorv assembly of the motor of FIG. 1. 

‘DESCRIPTION 0_F PREFERRED 
' EMBODIMENTS 

FIG. 1 shows the cross sectional view of the motor 
according to the present invention. In the ?gure, the 
reference numeral 1 is a stator coil wound on a bobbin 

7 ' 2, 3 is a yoke for providing a magnetic path, 4 is a bear 
. ing forrotatably supporting a motor axis or a spindle 5, 
and 6 is a cylindrical ‘permanent magnet of a ferrite 
material ?xed to said ‘motor axis 5. Upon application of 

_- a pulse input signal'on a_.,c‘oil 1, the rotor. and the axis 
v"rotates by a predetermined angle for each pulse input 

»' ‘signal. » ' ' ' ‘ 

35; FIG. 5 showsthe 

the pitch‘ p. The dotted‘ line shows the teeth of the sec 
ohd>(II) phase, and the solid line shows the teeth of the 
‘?rst (I) phase. In the embodiment of FIG. 5, the pitch 
(p) is 22.5 (=360/l6) degrees.~ _ . ‘ 
FIG. 6 is the disassembledview of the motor of FIG. 

' 1. In FIG. 6, the reference numeral laisa coil of the 
first phase, 1b is the coilof the second phase, 30, 3b, 3c 
and 3d are the ?rst, the'second, the third and the fourth 
yokes, respectively, each having four teeth 7 positioned 
with the pitch of 90 degrees. Those teeth 7 are provided 
through the stamping process and the folding process. 
Those yokes are positioned ‘so that the teeth 7 are posi- ' 
tioned with the pitchof 22.5 degrees as a whole. The 8a 
and 8b are covers, and 9a and 9b are bearings. It is 
supposed that the covers 8a and 8bare coupled to 
gether by welding when thosecomponents are assem 

I > bled. 

the spindle of the motor has. the coaxial structure with - _ 
the center steel shaft having the constant magnetic re 
luctance irrespective of the change of the temperature, 
and the cylindrical nadjusting material covering said 
shaft. ~ ' ~ ' > -» V‘ 

k BRIEFDEscRiPTIoN OF'THE DRAWINGS-I" 
The foregoing andlotii'er objects, features, and atten 

' (II). ' 

i, Theope'ration of the motor is described in accor 
dance.‘ with FIGS.v 7A through 7D and FIG. 8. For the 

' sake of simplicity of the explanation, it is assumed that. 
the yokes 3 have fourteeth, and the magnet 6 has two 
magnetic poles‘. ‘ . ' 

When no coil is energized, the magnetic poles N,S‘of ‘ 
‘the magnet 6 confront with the ‘teeth of the yoke 3, and v 
the rotor stops (see FIG. 7A). 

Next,- it is assumed that the signal of FIG. 8A is ap-' 
I plied to the coil‘ laof the ?rst phase_(I),' and the signal . 

is applied to the coil 1b. of the second phase - of FIG. 8B 

> ~ In the-duration ('1)':of FIG. 8, thelteethof the yoke s 
I dant advantages of the present invention will be appre- H. 
. ciated as the same become better understood by means , 

are magnetized as shown in FIG. 7B, and then, the rotor 
assembly having the magnet 6 and the spindle 5 rotates 

I cross sectional view at the line B-B', 
"and it should be noted'that the teeth of theyoke 3 has 
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by 45 degrees in the clockwise direction as shown in 
FIG. 7B. ‘ / r 

In the duration (2)_of FIG. 8, the teeth of the yoke 3 
are magnetized as‘ shown in FIG. 7C, and the rotor 
assembly rotates further by 90 degrees in the clockwise 
direction (see FIG. 7C). ' ' a ‘ a ' 

Next, in the duration (3) of FIG. 8, the teeth of the 
yoke 3 are magnetized as shown in FIG. 7D, and said 
rotor assembly rotates further by 90 degrees in the 
clockwise direction (see FIG. 7D). 

Therefore, the rotor assembly rotates by 90 degrees 
every time the direction of the current in the coil la or 
1b changes (except the initial status of the duration (1) 
of FIG. 8), when the coils 1a and 1b receive the two 
phase alternate pulse current having the 90 degrees 
phase difference as shown in FIG. 8. 
The embodiment of FIG. 6 has the yokes 3 with eight 

‘ teeth for each phase (16 teeth for both the phases), and 
so the rotational angle for every change of the current 
is 22.5 (=360/l6) degrees, but is not 90 degrees. Also, 
the rotor of FIG. 6 is supposed to have eight magnetic 
poles so that the N-pole and the S-pole are arranged 
alternately as shown in FIG. 9. ' ‘ ' 

Next, the. characteristics of the motor when the tem 
perature is changed, are explained. . 
The axis or the spindle 5 of the motor is made of 

adjusting steel or adjusting alloy in which the magnetic 
reluctance increases as the temperature of the spindle 5 
becomes high, that is to say, the magnetic flux in the axis 
5 decreases in a high temperature. Preferably, that ad; 

' justing alloy is Fe-Ni-Co alloy which is supplied, for 
instance, by Sumi'tomo Tokushu Kinzoku Co. Ltd in 
Tokyo, Japan in the trade name MS-l, MS-2 and MS-3. 
In case of MS-2, the temperature coefficient of the flux 
density is —0.8%/°C. ' 
The distribution of the-?ux in the motor of FIG. 1 is 

explained in accordance with FIGS. 2 and 3. 
It is assumed that‘ the permanent magnet of a ferrite 

, material provides the ?ux 4). Some portion (#1 of that 
total ?ux ¢ passes-outside of the rotor and links with the 
stator coil 1 to provide the torque of the motor, and the 
other portion (in of said flux (b1 passes through the rotor Q 
axis 5, and the following formula is satis?ed. 

4>=¢1+¢2 

When the temperature of the rotor is low, the perma 
nent magnet provides much flux and the value of the 
total flux d) is large. This status is shown in FIG. 2. 

Next, when the temperature of the magnet 6 is high, 
the permanent magnet 6 provides less flux and the Value 
of the total ?ux d) is small as shown in FIG. 3. It should 
be noted in this case that the axis 5 which is rigidly ?xed 
to the magnet 6 is at almost the same temperature as that 
of the magnet 6, and therefore, the flux (in in the axis 5 
decreases due to the high temperature. Therefore, if the 
motor is properly designed so that the decrease of the 
flux (in in the axis 5 is almost the same as the decrease of 
the total ?ux d) in a high temperature condition, the rest 
of the flux ¢1 which links with the coil 1 to provide the 
torque does not change in spite of the change of the 
temperature and the change of the total flux <1). There 
fore, the effect of the temperature change is completely 
compensated for and the torque or the output of the 
motor does not change in spite of the change of the 
temperature. ’ - 

FIG. 4 shows another cross sectional view of the 
rotor according to the present invention, in which the 
reference numeral 5a is a center steel shaft of the motor, 
7 is a cylindrical body covering the shaft 5a, and isv 
coaxial with the center shaft 50. The reference numeral 

‘ 6 is a permanent magnet made of a ferrite material. The 

15 

20 

30 

35 

50 

feature of FIG. 4 is that the coaxial structure of the shaft 
50 and the adjusting material 7. The inner axis 5a is 
made of steel, which has the constant magnetic charac 
teristics irrespective ‘of the change of the temperature, 
and the outer cover 7 is made of adjusting alloy which 
reduces the flux in a high temperature condition. In the 
embodiment of FIG. 4, the flux 4n which links with the 
coil 1 can be constant irrespective of the change of the 
temperature, since the decrease and/or the increase of 
the flux in the adjusting cover 7 compensates the 
change of the total ?ux 4a of the permanent magnet. It 
should be appreciated in the embodiment of FIG. 4 that 
the ratio of the radius r1 of the shaft 5a to the radius r; 
of the adjusting cover 7 can adjust the characteristics of 
the motor. That is to say, said'ratio rz/rl is designed so 
that the external flux (#1 which links with the coil 1 is 
always constant irrespective of the change of the- tem 
perature. ‘ 

As mentioned above in detail, according to the pres 
ent invention, an axis or a spindle of a motor, or at least 
a part of the spindle of the motor is made of adjusting 
steel or adjusting alloy in which the flux decreases in 
the high temperature condition. Therefore, although 
the flux generated by a permanent magnet of ferrite 
material is decreased in a high temperature condition,‘ 
that decrease of the total flux from the permanent mag 
net is compensated by the decrease of the flux in the 
adjusting material, and then, the external flux (in which 
links with a stator coil does not change, and thus, the 
torque of a motor can be constant irrespective of the 
change of the temperature. ' v 1 . 

Therefore, the present invention can provide a small 
size motor which can operate both in a low temperature 
condition and in a high temperature condition with 
relatively large torque. ‘ , 
From the foregoing it will 'now be apparent that a 

new and improved motor has been found. It should be 
understood of course that the embodiments disclosed 
are merely illustrative and are not intended to limit the 
scope of the invention. ‘Reference should be made to the 
appended claims, therefore, rather than the speci?ca- - 
tion as indicating the scope of the invention. 
What is claimed is: - , 

1. In a pulse motor comprising a stator assembly 
having at least a yoke for providing a magnetic path and 
a coil wound on said yoke, and a rotor assembly rotat 
ably inserted in said stator assembly, having at least an 
elongated spindle, rotatably supported by said stator 
assembly and a cylindrical permanent magnet made of a 
ferrite material pierced by said spindle and being sym~ 
metrical with respect to said spindle so that the mag 
netic flux generated by said permanent magnet passes 
through the yoke of the stator assembly to link with the 
coil of the stator assembly, the improvement compris 
mg: . 

said spindle being made of adjusting material having - 
the magnetic characteristic that the magnetic reluc 
tance of the same increases as the temperature of 
the same increases, and said yoke being made of 
steel having‘ the magnetic characteristic that the 
magnetic reluctance of the same is relatively con 
stant irrespective of the change of the temperature‘. 

2. A motor according to claim 1, wherein said spindle 
comprises a coaxial arrangement of an elongated center 
steel shaft and a cylindrical adjusting material covering 
said steel shaft, said adjusting material has the magnetic 
characteristics that the magnetic reluctance increases as . 
the temperature increases, and the magnetic reluctance 
of said steel shaft is constant irrespective of the change 
of the temperature. ' 

‘ a a a a a l 


